One of the main cocoa producing areas in Indonesia is the Central Sulawesi region. Cocoa farmers have been given extension and training about agricultural technology such as pruning, fertilizing and side grafting. Nevertheless, the cocoa productivity is still low. This case has been questioned by authorities; so this research aims to measure and analyze the factors that have affected the variation of total factor productivity (TFP) in cocoa farming in the Central Sulawesi. The study selected a total of 424 cocoa farmers using a simple random sampling technique. The model of stochastic frontier function of translog forms was used to anticipate factors affecting cocoa production. The Cobb-Douglas production function was used in TFP variation. The results showed that TFP of cocoa farming varied from a minimum of 0.371 to a maximum of 1.407 with an average of 0.803. Technical efficiency, education, extension access, cocoa farming experience, sanitation, and fermented cocoa beans affected TFP variation significantly. These six factors appeared to be the main determinant factors of TFP variation. However, technical efficiency was the most important factor, so policies should aim at mobilizing resources toward expanding education and extension. In addition, extension services should provide information to cocoa farmers on using inputs efficiently.
Introduction
Cocoa is one of the plantation commodities that is quite important for the Indonesian economy, especially as a provider of employment, source of income and in its role as a resource for foreign exchange (Departemen Perindustrian, 2007; Sudjarmoko, 2013; Effendy, 2015a) . Cocoa development in Indonesia is inseparable from the various problems encountered in the upstream sectors, including low plant productivity and pest and disease attacks (Effendy, et al., 2013a; Sudjarmoko, 2013; Effendy, 2015a) .
Cocoa productivity remains low by several factors. The price of cocoa is determined by the international market, total cocoa production, higher input prices, pests and plant diseases, and age of old cocoa plant (Effendy, 2015a) . Given the importance of cocoa production in Indonesia, there are two important issues to highlight. First, there has been no empirical study that analyzes the factors affecting the cocoa industry's total productivity factor (TFP). Second, a substantial decrease has occurred in cocoa production from 772,771 tons in 2010 to 641,997 tons in 2015 (Ditjenbun, 2015) .
Several studies have been conducted on cocoa in Indonesia (Wahyudi and Misnawi, 2007; Effendy et al., 2013b; Rinaldi et al., 2013; Sudjarmoko, 2013; Effendy, 2015b) , but none have illustrated the productivity growth.
Productivity is an important determinant of competitiveness evolution. Competitiveness is one of the main factors that determines the increase in product demand, leading to increased likelihood of production.
One of the main cocoa producing areas in Indonesia is the Central Sulawesi Region. Cocoa productivity in Central Sulawesi is still low (0.88 t ha -1 ), compared with common genetic potential of plant, which usually reaches 1.8 to 2.75 tones ha -1 (DPDJP, 2009; Ditjenbun, 2015) . Cocoa farmers in Central Sulawesi have been given extension and training about agricultural technology such as pruning, fertilizing and side grafting, but in many cases the productivities of cocoa plant have remained low. Effendy et al. (2013b) and Rinaldi et al. (2013) have shown the technical efficiency of cocoa farming ranges from 0.3 to 0.9, meaning there is still inefficiency in cocoa farming. If there is inefficiency, it is necessary to consider its effect on productivity growth (Rodríguez and Elasraag, 2015) .
Given the above considerations, the main objective of this research is to conduct a TFP analysis in cocoa production in the Central Sulawesi Region and investigate the factors that have affected TFP variation. Many researches have analyzed TFP variation using time series data (Hossain et al., 2012; Ali and Klein, 2014; Fathabad and Danaeifar, 2015; Cechura et al., 2015; Rodríguez and Elasraag, 2015) , but this research used cross-sectional data to analyze the TFP variation at the farmer level in Indonesia. For researches using crosssectional data, sample data can be randomly selected and can be repeated to obtain a reasonable one (Hayashi, 2000) .
Results and Discussion

Description of research variables
Description of research variables in the research area is presented in Table 1 .
The average cocoa land area was 1.6 ha farm -1 with an average output of 1,591 kg. The main factors in cocoa farming were land area, chemical fertilizer, labor, and pesticide. Education shows that the literacy level of farmers in the research area is still low. The average number of access to the agricultural extension outreach, which followed by the farm manager was less than 5 times (60%). The average amount of farming experience in the research area was 12 years, so people involved in cocoa production were experienced in their field. Cocoa farm managers conducted sanitation work an average of 3 times in a year, so farmers were not clearing the cocoa garden enough. Percentage of farmers who fermented cocoa beans was less than 30%.
Estimated result of production function of cocoa farming
The maximum-likelihood estimates (MLE) (Parameter maximum-likelihood) of the parameters in the model of translog stochastic frontier production function (equation 1) obtained using Frontier 4.1 (Coelli, 1994) (Table 2) .
The adjusted R-squared (0.86) is estimated from the ordinary least squares (OLS), which is used as the starting value for MLE. These variables explain 86% of the total cocoa production variance. 11 coefficients out of 15 differed significantly at α= 10%, demonstrating the importance of some interaction and non-linearity between variables (Coelli et al., 2003) .
All four direct effects, two squared terms, and four cross products have coefficients significantly at α= 10%, showing that cocoa farming in the Central Sulawesi has a nonlinear function in several dimensions. Moreover, there was important interaction between variables.
The four inputs, such as land, labor, fertilizer and pesticide, appear to be the main determinant factor of cocoa farming. However, fertilizer is the most important input with 0.456 output elasticity, followed by pesticide at 0.138 and labor at 0.104. The land had the lowest output elasticity level (0.024) at α= 5%. The indicator of returns to scale is the sum of the coefficients on the four inputs, which was 0.72. This number indicates that cocoa farming has decreasing return, whereas increasing fertilizer dose may decline production in the Central Sulawesi.
The gamma value of statistical diagnosis was significant at α= 1%. This simple statistical test further reinforced the assumption that there was a technical inefficiency of cocoa farming in the Central Sulawesi. This estimate was in accordance with previous work (Lambarraa et al., 2007) .
The relation of technical inefficiency and total factor productivity (TFP)
The inefficiency data were calculated using the formula 1-TE and TE obtained from equation (2). The variation of TFP at the farmer level is based on the technical inefficiency level of cocoa farming in the Central Sulawesi (Fig 1) . Figure 1 shows the higher technical inefficiency of cocoa farming, causing lower TFP. The inefficiency ranged from 0.018 -0.568, indicating that farmers higher technical efficiency may enhance cocoa productivity in the Central Sulawesi. The technical efficiency of cocoa farming at the farmer level varied from a minimum level of 0.432 to a maximum 0.982 with an average of 0.857. The situation could be improved via efficiently using the production inputs in Equation 1, namely: land, labor, fertilizer, and pesticide. Table 1 shows cocoa farming is in the condition of decreasing returns (production elasticity = 0.72), so improving the inputs would increase the production of cocoa. In this research, the total factor productivity (TFP) was calculated based on the Törnqvist-Theil index (TTI) form with the stochastic frontier function model of translog to determine the production change from input adjustment (Cechura et al., 2015) . TFP cocoa farming at the farmer's level varied from a minimum level of 0.371 to a maximum level of 1.407 with an average of 0.803. The TFP model is significant at α= 1% with the adjusted R squared value of 0.721. These variables explain 72.1% variance. TE, ED, EA, FE, SN, and D significantly affected TFP variation at α= 20%. These six factors were the most determinant of TFP variation, but TE was the most important factor with an output elasticity of 0.802 followed by D at 0.183 and significance at α= 1%. The EA had the lowest level of output elasticity (0.008) and significance at α= 20%. TE was statistically significant at α= 1% and had a positive relation with TFP variation. When TE increased, TFP was also increased. In this way, TE was a significant growth source in cocoa farming in the Central Sulawesi. TE variation could be accelerated by education, extension access, and farming experience (Effendy et al., 2013b; Rinaldi et al., 2013) .
The factors that affect TFP variation in cocoa farming
The ED, EA, FE, and SN were statistically significant at α= 20% and had a positive relation with TFP variation. All four variables increased when TFP was increased.So, it is clear that they are a significant growth source in cocoa farming in the Central Sulawesi. The ED, EA, FE, and SN may likewise affect the technical inefficiency of cocoa farming, influencing productivity growth (Effendy et al., 2013b; Rinaldi et al., 2013; Rodríguez and Elasraag, 2015) .
The D was statistically significant at α= 1% and had positive relations with the TFP variation. In other words, farmers who fermented their cocoa beans generated a higher TFP. The process increased their competitiveness in the international market, so the price received by farmers also increased, improving their purchasing power against production input and boosting productivity growth. Note: *** Significant at α 1% (p < 0.01), **Significant at α 5% (p < 0.05), *Significant at α 10% (p < 0.10). Note: OLS = Ordinary Least Squares; **** Significant at α 1% (p < 0.01); *** Significant at α 5% (p < 0.05); ** Significant at α 15% (p < 0.15); * Significant at α 20% (p < 0.20). 
Materials and Methods
Study areas and sampling methods
The research was conducted in the Central Sulawesi, within the central area of Cocoa production in Indonesia (Table 4 and Table 5 ). The data was sourced from the Directorate General of Plantation in 2015 (Ditjenbun, 2015) . This study chose four districts randomly with two villages in to be randomly surveyed (Table 6 ). In this research, 424 samples were randomly taken from cocoa farmers. The production input data, production input prices, total output, cocoa beans price at farmer level, and information about characteristics of cocoa farmers' households were collected from survey during January to April 2016.
Data and empirical models
This research examined cross-sectional data obtained from the survey of 424 cocoa farmers in the Central Sulawesi Region of Indonesia. This data helped to measure the TFP variation at the cocoa farmer level.
The TFP was calculated based on the Törnqvist-Theil index (TTI) (Coelli et al., 2005) . The TTI determines the production changes resulting from adjusting inputs if a function has a translog form (Cechura et al., 2015) . Function model of stochastic frontier in the translog form in this research are: = pesticides. Land indicates the area that farmers are using for cocoa plantation. Labor represents the total laborers required in cocoa farming. Fertilizer indicates the total amount of fertilizers used by farmers, while Pesticide is the total amount of pesticides used by farmers to control pests and plant diseases likely to affect cacao plants. The Cobb-Douglas production function used to analyze TFP variation in this research. TFP was extracted from cocoa farming in the following pattern: LnTFP = α 0 + α 1 LnTE + α 2 LnED + α 3 LnEA + α 4 LnFE + α 5 LnSN + α 6 D (2) Technical efficiency (TE) was measured by equation (1). Education (ED), extension access (EA), farming experience (FE), and sanitation (SN) were included in the model according to Rinaldi et al. (2013) and Effendy et al. (2013b) . They showed four variables affected the technical inefficiency of cocoa farming. The ED represents the education level of the household head of cocoa farming, while EA represents the frequency of following the agricultural extension received by the household head. The FE represents the length of time that household head spent in cocoa farming, and SN represented the frequency of doing maintenance work on the crop of cocoa trees. Moreover, the model employs a dummy variable of fermentation status (D) where farmers did fermentation on cocoa beans were given a value of 1 and who did not be given 0.
Conclusion
TFP cocoa farming at the farmer level varied with an average of 0.803. The land, labor, fertilizer, and pesticide were the main determinants in the cocoa productivity; however, fertilizer became the most important input. All of four inputs were in decreasing return condition, so improving input doses would decline production in the Central Sulawesi. Technical efficiency, education, extension access, farming experience, sanitation, and fermentation status significantly affected TFP variation; however, technical efficiency became the most important. Extension access had the lowest output elasticity level.
